Introduction
Yacon (Smallanthus sonchifolius) is a tuberose root that is very commonly eaten in the Andes region in South America. lately, it has spread into New Zealand, Japan, Korea and Brazil. It has a slightly sweet flavour, not only from its fructose, glucose and sucrose tenor in its composition, but also from the presence of fruit (insulin and frutoligossacharideos -FoS), being of great interest to food science (VAleNToVÁ et al., 2008; duARTe; WolF; PAulA, 2008) .
These fructans are defined as non-glycemic carbohydrate, provided that they reach the large intestine without being metabolized, thus being considered as prebiotic carbohydrates of low energetic level (CuMMINgS; STePheN, 2007) . The insulin and the FoS have bi-fidogenic effects as they contribute to the increase of prebiotic cultures in the colon; notwithstanding, its efficiency depends on the micro-biotic colony of each individual.
In a similar way, soluble fiber, insulin and FoS are good gel making agents and thus, they influence the absorption of macronutrients, especially carbohydrates, delaying the gastric emptying and consequently decreasing the gastrointestinal transit time (SAAd, 2006) .
The role of fructans in the glycemic and insulin processes is not complete, indicating that these effects depend on the physiological conditions of each individual. Various studies have shown a positive correlation between yacon ingestion and the reduction of the glycemic response, especially toward diabetic individuals (VAleNToVÁ; eRSeN; ulRIChoVA, 2005) . diabetic and overweight individuals represent a significant number in the Brazilian population, generating a high budget for public health offices. Researches on the development of new products as source of non-glycemic carbohydrates must be carried out in order to help the glucose control.
Nowadays, the food industry has added nutritional value to their products by adding fibers from a lot of vegetables sources, such as linseed, oat, rye and whole meal flours. The bread industry was one of the pioneers in this process, nevertheless, there are few reports depicting the properties of those bioactive, concerning the nutritional and bi-fidogenic characteristics. (AReNdT et al., 2003) .
A recent project carried out in Brasil (2006) prompted studies on the insulin effects over the glycemic index, showing lower rates compared to those found in the literature concerning
The analysis of bread centesimal composition
Bread centesimal composition was determined in three copies, according to the AoAC methods (ASSoCIATIoN..., 2002 Figure 2 ) and the total food fiber was calculated through the addition of these fractions.
Determination of the glycemic index 'in vitro' and glycemic charge
In order to determine the glycemic index, bread was sliced and dried in a stove/oven at 105 °C for 1 hour and then grained. The glycemic index was carried out according to the method developed by gõni, garcia-Alonso and Sauro-Caiixto (1997), through a glucose kit. After that, the glycemic index was calculated, as described below, using white bread as the whole meal or oat bread, usually recommended for diabetic and overweight individuals. (FoSTeR-PoWell; holT; BRANdMIlleR, 2002 ).
The physiologic effects of the bioactive fructans associated to costumers' demand for healthy products motivated the realization of this project, aiming at evaluating the glycemic response and the prebiotic potential 'in vitro' of bread made with yacon flour.
Materials and methods

The yacon flour process and the bread making
The yacon used for the production of flour was found at the Storage Center (CeASA) in Recife -Pe. The process used to obtain the yacon flour is described, according to the stages, in Figure 1 . The bread was produced in a Britânia TM bread machine, according to the manufacturer's instructions. The formulations are detailed in Table 1 .
Microbiological and granulometrical analysis of the yacon flour
In order to check the yacon flour inoculum, some analysis of coliforms at 45 °C were carried out, (Bacillus Cereus and Salmonella sp.) (ASSoCIATIoN..., 2000) according to the current Brazilian legislation. The yacon flour was characterized according to its granulemetric system, determining the particle size distribution and its average diameter. A 100 g sample was poured onto a number of sieves (30, 40, 50, 60 and 80 mesh-ABNT) and the Produtest sieves agitator (Telasten ltda, model T, Sao Paulo, Brazil). This sieve system was subjected to vibration for 10 minutes, having the potentiometer adjusted to the maximum vibration scale (10). After its passage, the percentage of flour left on each sieve was calculated. (MATSuo; deXTeR, 1980) .
The yacon flour characteristics
The following physical chemical analyses were carried out: humidity (method 935.29); fixed mineral residue (method 930.22-32. Samples containing 100 mg each were put in 8 ml lab tubes within the fermentation, stored at 37 °C in gaspak jugs with an anaerobic system for 12 hours. later, 2 ml of innocuous was added to each tube, previously prepared with latent faeces within the fermentation. This process was elaborated according to Barry et al. (1995) in the proposition of 10 ml.g -1 of faeces stored at 37 °C, under anaerobioses for 12 hours.
The tubes were kept in the anaerobic system, in water bath with agitation and temperature controlled at 37 °C, being under this condition/process during the fermentation period. every 2 hours, one 1 ml aliquots of the metabolic liquid was used to count the homofermentative and heterofermentative bacteria.
hhd agar deferential was used to quantify and identify the homofermentative and heterofermentative bacteria,. While counting the homofermentative and heterofermentative bacteria, the metabolic liquid samples were stored on plaque surface, the incubation condition used was under 37 °C, with reference food with the area calculation determined by the Autocad technical drawing software (2008), equation 1.
the glucose curve area of the test food GI 100 the glucose curve area of the reference food = ×
(1)
The glycemic rate (gR) was calculated by multiplying the food gI by the quantity of carbohydrate present in the portion which was eaten.
The prebiotic potential determination 'in vitro'
The prebiotic potential followed the methodology proposed by Cambrodón and Martín-Carrón (2001) , having some changes suggested by Salgado et al. (2006) and Silveira et al. (2008) , in two stages: the fermentation and the study of the metabolic liquid by counting the prebiotic bacteria (lactobacillus and bifidobacteria). It is important to highlight that those carbohydrates can be classified as fructans, especially frutoligossacharideo. Nevertheless, some researchers have shown that the process stages to obtain the yacon flour will considerably reduce the quantity of those nutrients at the drying stage (MuSSATTo; MANCIlhA, 2007) .
Comparing the yacon flour to the other ones, we observed that the humidity values were similar to the oat, corn and rice flours, while the proteins and fat were lower. As for the mineral content, we stated that it was higher (4,20 g.100 g -1 ) compared to the whole meal flour (1.7.100 g -1 ), which is theoretically considered rich in minerals due to its lower extraction level (uNIVeRSIdAde..., 2006).
The quantity of fiber was higher in the rye flour (2.3%), and similar to the whole meal flour (15.5%) showing the applicability of this ingredient to the bread industry having a higher tenor of fiber (uNIVeRSIdAde..., 2006).
The chemical composition for the described in Table 4 depicts that the bread has significant differences toward the analyzed parameters. Silva (2007) produced a type of bread adding 25% of yacon and found different results of the chemical composition to the ones shown in this work: humidity (3.84%), ashes (3.49%), fiber (3.60%), carbohydrates (65%), fat (0.52%) and proteins (7.97%).
According to the results, the formulation B presented a higher tenor of humidity, followed by the A and P formulations, probably because of its high quantity of yacon flour (11%), as the fructans have 'hydroxyls' groups (oh) that are able to integrate with water, through the hydrogen bridges, which makes evaporation during the bread baking process more difficult (SIlVA, 2007) .
The protein content differed statistically between loaves of bread, possibly due to the differences in the milk content used in the formulation. The mineral tenor was significantly different in Bread B, a factor also attributed to a larger quantity of yacon flour being added, which had a high mineral value.
In terms of fat content, it was possible to observe a significant reduction of 44% and 84% for Bread A and B, respectively, in relation to the standard Bread, thus originating the definition "light" in fat, considering that the legislation advocates a reduction of at least 25% (BRASIl,1998b) .
variations of 1 °C for 72 hours in the anaerobic system, with the production system of anaerobioses.
The statistical analysis
The results were found by variation analysis (ANoVA), followed by a comparison test of ducan averages, at 5% of significant, using the statistic programme Statistics Software (version 6.0) (2002).
Results and discussions
The microbiological and granulometrical analysis of yacon flour
The results of the microbiological exams for coliforms at 45 °C.g -1 (ml) (10 uFC.g The raw material granulometrical characteristic is a relevant aspect for the making of industrial pasta and bread products, as the correct distribution of particles will enable a better uniformity of the product in focus. The granulometric directly influences the water absorption capacity, the sensorial characteristics (such as appearance, taste and texture) and the pasta cooking time. (BoRgeS et al., 2003) . The results of the granulometrical analysis are depicted in Table 2.
The particle size was shown in many different ways; however, it was observed that 37% of the yacon flour particles showed an average diameter of 0,180 mm. We should, albeit, point out that the 35 mesh granulometry presented the best quality flour for bread production, providing better results when mixed with the other ingredients. By decreasing the opening, we could observe that the yacon flour absorbed more humidity and formed unwanted lumps for the bread production. The literature is scarce in relation to yacon flour granulometry data.
According to studies with other types of flour, we have seen, in corn flour, an average diameter of 0.40 mm and from 0.10 to 0.15 mm for the rye flour. Those results were lower than the ones found in this work.
The yacon flour and bread characterization
Analyzing Table 3 , one can see that the constitution values found were similar to those in the literature, highlighting the great tenor of carbohydrates that represents about 67% (MoSCATTo; PRudÊNCIo-FeRReIRA; hAulY, 2004). Th e advantage of the low gI is refl ected in a larger feeling of satiety (BRANd-MIlleR, 2002) , lingering the feedback of the cholescystokinin and glucagon hormones, which are responsible for the gastric fullness (leMoS et al., 2002) . Th e glycemic charge, which expresses the quantity and quality of carbohydrates consumed, is even more satisfactory than the bread gI. Th e glycemic index and glycemic charge were confronted and showed a good statistical correlation (r = 0.9939).
Th e results of this study tend to confi rm the literature reports, which inform that there is some type of inter-relation between the glycemic index and the glycemic charge (lAu et al., 2005) . however, it is important to point out that the gI, as well as the gC cannot be considered separately in the evaluation or choice of food, since some characteristics may interfere with this parameter, among them; the type of sugar (glucose, fructose, sucrose, lactose); the tenor of amylase and amylopectin; the presence of resistant starch; the thermal processing, the size of the particles; and other food constituents, such as fat and starchprotein and starch-lipids interactions, quantity and quality of carbohydrates (AdA, 2002; MoNRo; ShAW, 2008) .
Concerning the fi bre tenor, bread made with yacon fl our diff ered statistically and is shown as a product of high tenor. According to the current Brazilian legislation, food is considered to be rich in fi bre when it presents a minimum of 3%, and with a high tenor, when it presents at least 6% (BRASIl,1998a) . In this way, the standard Bread can also be considered a source of such nutrient, a fact that can be explained by the possible starch resistant formation during bread storage (PeReIRA, 2007) .
Th e carbohydrate values in formulations A and B were inferior to the ones in types of bread on the market, such as traditional sandwich loaf and "light" sandwich loaf, 49% and 46% of available carbohydrates (uNIVeRSIdAde..., 2006), respectively. It is possible to show that the experimental loaves of bread presented reduced caloric value compared to the others on the market, for example: oat bread (343 Kcal.100 g -1 ), whole sandwich bread (253 Kcal.100 g -1 ) and French loaf (300 Kcal.100 g -1 ) (uNIVeRSIdAde..., 2006).
Glycemic Index DeterminationKinetic of the Hydrolysis of Carbohydrates
Th e kinetic of the enzymatic hydrolysis of the carbohydrates (Figure 3) showed that, in the fi rst 30 minutes, the bread with 6% of yacon and the standard one had similar hydrolysis, but soon aft er that, the glucose value of the experimental bread became stable with low basal levels around 60 to 80 mg.dl -1 , inferior to the one considered of glycemic peak, which varied from 120 to 140 mg.ml -1 , possibly because of the presence of fructans, which turned into gel, thus making the access to the amylolitic enzyme diffi cult (SAAd, 2006) .
In Table 5 , the results showed that the bread containing yacon fl our presented a glycemic index similar to the literature data for other types, for instance, bread with oat grains (gI = 49), bread with rye grains (gI = 48), bread with cereal grains (gI = 50) and bread enriched with fi bres (FoSTeR-PoWell, 2002) According to recommendation of the American diabetic Association (AdA, 2002) the glycemic index in bread B was considered low (gI < 55), whereas bread A and the standard bread presented a moderate index (gI from 56 to 69). Concerning the gC, one can perceive that the loaves of bread presented a low glycemic charge, since gC ≤ 10 is considered low and gC ≥ 20 high. The type of fermentative carbohydrate can also influence the lactobacilli growth because they have more affinity with starch and fructans, and the bifidobacteria with pectin and Arabic gum, which explains the large growth of lactobacilli during the fermentative process of the loaves of bread (Table 6) The bacteria counting (Table 6 ) of the formulations during fermentation varied from 10 7 to 10 10 colony former unit (CFu)/ml, which will certainly cause the colonization of the referred cultures in the intestines, in order to carry out the probiotic effects at a minimum of 10 6 CFu.ml -1 (BRASIl, 2005) .
Comparing the results obtained in Table 6 , one can observe that bread with yacon flour has prebiotic potential, as it caused the development of probiotic bacteria much more expressively than the inoculums.
The standard bread also presented a larger growth than in the inoculum, especially after 4 hours of fermentation, a fact that can be explained by the constituents in its composition, such as wheat, which has fructan and resistant starch type traits, both good substracta for the anaerobic, being considered prebiotic agents (SAlgAdo et al., 2006) .
Conclusions
The addition of yacon flour made bread with high tenor of fibers, "light" in fat and having low glycemic charge. Bread containing 11% and 6% of yacon flour were classified as low and moderate glycemic indices, respectively. Regardless of the yacon flour tenor, the loaves of bread presented prebiotic potential for causing the probiotic bacteria growth during the "in vitro" fermentation.
The type of carbohydrate influences the glycemic response, as Brasil (2006) used 6% of inulin in bread and found a high gI (82), it is possible that the isolated inulin has not had a positive effect in this parameter. on the other hand, bread with 6 and 11% of yacon flour presented reduced indices, probably because of the factors previously mentioned (Table 5) .
Prebiotic potential "in vitro"
The analysis of the plates showed the presence of smooth colonies with complete, regular, shiny and blue brims, which indicate the presence of homofermentative bacteria and as their representative, some species of lactobacilli stand out. These, together with the Bifidobacterium, are considered prebiotic micro-organisms (ANTuNeS et al., 2007) .
The bacteria of the Bifidobacterium type, recognized as heterofermentatives, were found after 12 hours of fermentation in smaller quantities than the homofermentatives (Table 6 ). The reduced counting of this micro-organism can take place from a possible competition between the lactobacillus and Bifidobacterium, observing that the bifidobacteria are more demanding and less active than the lactobacilli and require more special conditions regarding their growth (BARReTo et al., 2003) .
A similar behaviour was observed by Thamer and Penna (2005) when evaluating the lack of growth of Bifidobacteria in FoS-added milk products.
Bread B presented a larger count of prebiotic bacteria due to the fermentative substratum tenor (11% of yacon flour) added. Cunha et al., (2008) , reported that other variable factors can influence the prebiotic counting, for example: the quantity of inoculated micro-organisms, the used culture, the interaction among other present species, and the presence of dissolved oxygen. Table 5 . glycemic index 'in vitro' and glycemic amount in bread.
Sample glycemic index (%) glycemic amoung (100 g portion) Standard bread (bread without yacon flour, with 6% fat) 63 10,30 Sample A (bread with 6% of yacon flour, 3% fat) 59 10,02 Sample B (bread with 11% of yacon flour, no fat) 42 6,68
